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Part I: Objective, Approaches and Scientific Conclusions

-/

The objective of this project was to develop new chemistry that could be applied
to an efficient fuel cell operating directly on organic fuels under ambient or near-
ambient conditions. The work was carried out primarily at the California
Institute of Technology and the University of Southern California (with
collaborations with the Jet Propulsion Laboratory and a number of other
institutions supported under related programs). The approaches followed here
included: designing, synthesizing and testing soluble (metal complex) catalysts
for the oxidation of hydrocarbon fuels under mild conditions, and carrying out
mechanistic and related studies on the chemistry of these catalysts in order to
understand and improve their potential performance in the anode of a
hydrocarbon-based fuel cell; designing multi-electron transfer complexes as
catalysts for the direct four-electron reduction of dioxygen, leading to improved
cathodic performance in an oxygen-based fuel cell; and investigating the
potential power of superacidic electrolytes to improve fuel cell performance.
Among the scientific conclusions (see the Publications below for a more complete
accounting), it has been determined that a) soluble metal complexes do offer
potential advantages over traditional metal surfaces for hydrocarbon oxidation,
although simultaneously optimizing the rate and potential for such oxidations
(as is needed for fuel cell application) is a significant challenge that has not yet
been solved; b) direct four-electron reduction of O has been achieved by a
catalyst capable of multiple electron transfer; and c) a new liquid feed fuel cell
that operates directly on organic fuels such as methanol, and that includes a
superacidic surfactant as an important component, has achieved levels of
performance that significantly improve on previous work.
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Summaries of Highlighted Publications/Presentations:

Publication #9 (C. Shi and F. C. Anson, "Multiple Intramolecular Electron -
Transfer in the Catalysis of the Reduction of Dioxygen by Cobalt meso-Tetrakis(4-
pyridyl)porphyrin to Which Four Ru(NH3)5 Groups Are Coordinated,” J. Am.
Chem. Soc., 1991, 113, 9564) reports the success of a strategy for direct four-
electron reduction of O3 at an electrode. By attaching redox-active metal centers
to a dioxygen-activating cobalt porphyrin complex and binding the entire
assembly in a Nafion coating on the electrode surface, efficient electroreduction
of Oy directly to HoO was achieved. This demonstrates a promising approach to
improving cathode performance in fuel cells.

Publication #21 (E. P. Kelson, L. Henling, W. P. Schaefer, J. A. Labinger and J. E.
Bercaw, "Electrocatalytic Oxidation by Binuclear Ruthenium Complexes

Incorporating the Anionic Tripod Ligand [(n°-CsH5)Co{(CH30),P=0}3]-," Inorg.
Chem., 1993, 32, 2863) reports electrooxidation of formaldehyde at low potentials
by a designed soluble ruthenium complex in solution or attached to an electrode.
This validates the premise that soluble catalysts may offer advantages over
traditional metal surfaces for efficient electrooxidation of organic substrates
under conditions suitable for direct fuel cell applications.




Publication #35 (S. Surumpudj, S. R. Narayanan, E. Vamos, H. A. Frank, G.
Halpert, A. LaConti, J. Josek, G. K. S. Prakash and G. A. Olah, "Advances in
Direct Oxidation Methanol Fuel Cells." ]. Power Sources 1994, 47, 377) describes
an advanced liquid feed aqueous methanol fuel cell apparatus that resulted from
this project, and points out its potential practical applications.

Presentation #7 (J. A. Labinger, J. E. Bercaw, G. A. Luinstra, D. K. Lyon and A. M.
Herring, "Organometallic methane activation: Functionalization by aqueous
platinum complexes,” Third International Gas Conversion Symposium, Sydney,
Australia, July 1993) emphasizes the value of mechanistic study in delineating
the special role of soluble catalysts in activation of methane and other organic
compounds and their potential applications in practical schemes.




